Abstract. Phase inversion method is an important strategy for the preparation of polyurethane microporous membranes. In this paper, the blends of polyurethane/carbon nanotubes were prepared by solution blending method, and the influence of carbon nanotubes on the phase inversion behaviors of polyurethane microporous membranes was studied. The results show that with the addition of carbon nanotubes, the phase separation process was inhabited, and the formation of large pores was reduced. As a result, the homogeneous microporous structure was achieved.
Introduction
Polyurethane (PU) microporous membrane has been widely used in various fields such as clothing, leather, separation membrane, tissue engineering and medical treatment. Recent years, carbon nanotubes (CNT) has been frequently applied to improve the mechanical properties and thermal stability of polyurethane [1] [2] [3] [4] [5] [6] [7] [8] [9] . The PU/CNT blends are of great potential value in the preparation of microporous membranes. Since CNT is of rigid linear shape, it seriously entangles with PU molecular chains, and thus forms strong inter-molecular interaction. As a result, the phase inversion behaviors of PU solution can be significantly changed by the addition of CNT. In the work, this influence was studied by the morphology of microporous membranes formed from PU/CNT blends with various CNT contents.
Experimental
The PU type is Bayer 985U. The type of CNT is TNIM4. It's a multi-wall CNT and was purchased from Chengdu Organic Chemical Co., Ltd. N,N-dimethyl formamide (DMF) were purchased from Shanghai Chemical Reagent Co., Ltd. To prepare the PU/CNT blend, PU solution was first prepared with DMF. Then certain amount of CNT were added into the solution and the solution was stirred for 24 h at the speed of 100 RPM.
For the preparation of membrane, certain amount of PU/CNT blend solution was poured on the dry clean glass plate (10  10 cm 2 in size). A film with the thickness of 100 μm was prepared with an adjustable film maker (Shanghai Le Ao Test Instrument Co., Ltd.). The film was then let stand for 10 min. After that the film was immersed into water for 4 hours, together with the glass plate. After that the microporous membrane was formed. The membrane was then dried in the vacuum oven in the temperature of 80 o C for 24 h, and peeled off from the glass plate. The morphology of the membrane samples were characterized by the optical microscope (AE2000, Shanghai Yiyuan Optical Instrument Co., Ltd.) and laser confocal microscope (FLUOVIEW FV1200, OLYMPUS). Figure 1 shows the microporous structure of the PU/CNT membranes with different CNT contents. As can be seen from the figure, large-pore structure was formed when no CNT was added. When 0.02wt% CNT was added, the pore size was significantly reduced, although it was still too large. The sample with 0.06wt% CNT became more homogeneous and the pores were much smaller. Finally, when the ratio of CNT reach 0.09wt%, a homogeneous structure was formed. The pores became so small that they were nearly out of the capability of the microscope. Therefore, we also toke the image of sample Figure 1 -D with a laser confocal microscope, which is displayed in Figure 2 . Therefore, although the total amount of CNT added in the blend is small in all the other three samples (less than 0.1wt%), the influence of CNT on the phase inversion behavior of PU were all significant. The porosity of the PU/CNT microporous membrane was studied by means of solution immersion method. The results are displayed in Figure 3 . Generally speaking, when the membrane porosity is larger, the permeability performance of the membrane is better. When the content of CNT is 0.03wt%, the porosity is slightly smaller than that of the pure polyurethane membrane. This is because the addition of CNT inhibited the formation of large pores. With the increasing of CNT content, the porosity grows significantly. This is caused by the entanglement of polyurethane molecular chain with CNT, which slowed down the movement of PU molecular chain , and reduced the phase separation process. As a result, the movement of water molecules were slower, and more smaller pores were formed in-situ. With the increasing of porosity, moisture permeability was also improved.
Results and Discussions

Conclusion
The microporous membrane of PU/CNT was prepared by the phase inversion method and the influence of CNT on the morphology of the microporous membrane was studied. The results show that the addition of carbon nanotubes could delay the phase separation process and restrain the formation of large pores.
